Introduction
Iron deficiency anemia (IDA) is the most common form of anemia worldwide [1] . It is a common reason for referral to a gastroenterologist [2] .
Iron deficiency is the most common cause of hypochromic, microcytic anemia worldwide. IDA is relatively common in toddlers, adolescent girls and women of childbearing age but is less often seen in men of all ages and post-menopausal women [3] .
'Sideropenic refractory anemia' is defined as IDA refractory to oral iron therapy for 3 months. Evaluation of the patient with sideropenic refractory anemia is a common clinical problem. In general, these patients have either occult bleeding from the gastrointestinal tract (GIT) or intestinal malabsorption of iron. A number of common and uncommon gastrointestinal conditions may lead to chronic intestinal blood loss and malabsorption [4] .
Therefore, the standard evaluation of a patient with IDA includes a complete evaluation of the GIT to identify a source of bleeding [1, 5] . However, it is often overlooked that IDA may be the result of an imbalance between iron loss and iron intake, and may also be due to reduced absorption of iron from food, i.e. malabsorption [1] . Once gastrointestinal blood losses have been excluded, intestinal malabsorption should be investigated. IDA may be the only presenting sign of malabsorption due to the presence of intestinal villous atrophy [6] .
Celiac disease (CD), is one of the most important causes of malabsorption during childhood, it is an autoimmune condition characterized by permanent intolerance to the gliadin fraction of gluten, a protein contained in wheat, rye and other cereals [7] .
Helicobacter pylori(H. pylori) is known to be an etiological agent of chronic gastritis and peptic ulcer disease. Several interesting reports have highlighted some rather unusual manifestations of H. pylori infection in children; protein-losing enteropathy, diarrhea and malnutrition, IDA and subnormal growth [8, 9] .
We are aiming to determine the prevalence of CD, H. pylori and gastroesophageal reflux (GER) in patients with resistant IDA.
Patients and Methods
The study included 25 patients 518 years of age with refractory IDA (not responding to iron therapy for 3 months in a dose of 6 mg elemental iron/kg/day) among those attending to the hematology clinic, Cairo University Children Hospital (Aboul Reesh) and Al-Zahrra Hospital.
The diagnosis of IDA was based on the presence of hemoglobin concentration below the cut-off value of 511 g/dl for children 5 months to 5 years of age, reduced MCV 575 fl, increased RDW 414. 5 and one or more of the following: serum ferritin 510 mg/dl (cut-off value of 12 mg/dl), serum iron 550 mg/dl and % saturation (serum iron/ TIBC Â 100)515% [10] .
Exclusion criteria
Prior erosive, ulcerative or malignant disease of the GIT. Previous gastrointestinal surgery. Overt gastrointestinal bleeding within the past 3 months. Inability to access the duodenum for biopsy. Patients with parasites-causing chronic blood loss i.e. Ancylostoma or bilharziasis. Presence of occult blood in stool.
Methods
All patients included in the study were subjected to careful history taking and thorough clinical examination including:
Anthropometric measurement mainly weight and height (or length if needed). Height was determined with the use of Harpender stadiometer at presentation for all patients groups. The entire study group was weighted with standard underwear using a balanced scale (Sica-company).
Laboratory investigations
Complete blood count: using counter Cell dyne 3700, serum iron using Hitachi 912 and ferritin using Architect.
Antibodies for celiac disease For antibodies, 5 ml of blood was obtained by venipuncture from each patient, sera were separated promptly, grossly hemolyzed and lipemic samples were excluded. The specimen were aliquoted and stored at 20 C till the time of analysis. Antigliadin antibody (AGA) was performed as a solid-phase immunoassay (ELISA). Using kit from Immco diagnostics.
anti-H. pylori antibodies by the ELISA technique using GAP-IgG kit (Biomerica, USA).
Upper GIT endoscopy
Upper GIT endoscopy was done for all patients, to evaluate for the presence of some etiologies of intractable anemia as chronic blood loss. These included:
Celiac disease. This was suspected if there was flat mucosa detected in jejunum. In addition, jejunal biopsy was taken to detect if there was villous atrophy. The biopsies were considered positive for CD if the villi showed total or subtotal atrophy with hyperplasia of the crypts and abnormal epithelium.
H. pylori infection. H. pylori infection was suspected if there was gastritis especially if there was also antral nodularity. In addition, gastric antral biopsies were taken for diagnosis of H. pylori infection by the following tests:
Rapid urease test: one antral biopsy was used for rapid urease testing using Clo test (Delta west Ltd., Bentley, Australia) [11] . Histopathological examination: one biopsy was placed in formalin solution until it was sent to the pathology laboratory for histopathological examination. Gastritis was graded from 0 to 3 on the basis of the Sydney system [12] . Culture: one biopsy was put in sterile saline tube and transported within 2 h to microbiology laboratory for culture of H. pylori. Colonies were confirmed as H. pylori on the basis of positive catalase, oxidase and urease test and by gram staining. GER: this was diagnosed if there was one or more of the following: hiatus hernia, incompetent cardia and gross esophagitis.
Bleeding spots, ulcers or angiomatous malformations were also diagnosed by endoscopy. The 13 C-Urea Breath Test (UBT) was done for diagnosis of H.pylori.
A basal breath sample was taken at first from each patient. Then a 100 ml of apple juice containing 100 mg of 13 C-labeled urea was given to every child. A second breath sample was collected 30 min after the ingestion of the substrate. Breath samples were labeled and introduced into the isotope ratio mass spectrometer, which measures the ratio of the heavy and light isotopes in the sample and compares this with a standard gas. Results of 13 C-UBT are expressed as the 'excess' 13 CO 2 /ml. A value of 45 was considered positive for the test. A graphic report is obtained showing the result of each patient for both samples [13] .
Statistical methods
Statistical package for social science (SPSS) version 9,0 was used for analysis of data. Chi-squared was used for analysis of qualitative data. Non-parametric test (Mann-Whitney) was used for analysis of two independent quantitative variables. Logistic regression was done for detection of risk factors of short stature, weight loss and severity of anemia. All auxological data were expressed in standard deviation score (SDS) applying the formula (Variablemean/1SD) by using the software program (Growth Vision version 2) provided by Novo Nordisk Denmark. Sensitivity, specificity, positive and negative predictive value and overall accuracy were calculated for diagnostic tests of H. pylori infection and CD.
Results
The study included 25 patients with refractory IDA (19 male and 6 female), their mean age was 6.5 AE 4.5 years (1.0-17.0 years), mean age of presentation of anemia was 1.6 AE 0.9 years (1.0-4.0 years) and mean duration of anemia was 2.8 AE 2.5 years (0.2-10.0 years). Their mean height SDS was À1.8 AE 2.2 (À5.1 -2.8 SDS) and mean weight SDS was À2.0 AE 1.3 (À3.9 -1.4 SDS). GER. GER was diagnosed if upper GIT endoscopy revealed incompetent cardia or Hiatus hernia AE gross esophagitis. It was positive in 11 out of 25 patients (44%).
Some patients had a single disease as in thirteen patients (12%) had CD, two patients ( 24%) had GER. However, some patients had a combination of more than one diagnosis: five patients (20%) had H. pylori and CD, two patients (8%) had GER and H.pylori, three patients (12%) had H. pylori, CD and GER and the remaining four patients (16%) were still undiagnosed.
No significant difference was found between different etiology in relation to sex, while male was found to be more common in the three diagnosis (CD, H. pylori and GER) ( Table 1 ).Patients with CD had age of presentation 2 years in two patients (18.2%) while the remaining nine patients (81.8%) had age of presentation 42 years and it was statistically significant (p ¼ 0.05 (58.3%) had age of presentation 44 years and it was statistically significant (p ¼ 0.03 Ã ). On the contrary, we did not find cut-off for age of presentation at which GER is common. No significant difference was found between symptoms and complications in relation to different etiologies in the studied patients (Table 2 ). Table 3 shows that esophagitis was significantly higher in GER followed by H. pylori while other endoscopic and histopathological finding showed no significant difference in relation to different etiologies. Logistic regression analysis demonstrated that the risk factors for severity of anemia were age of patients (Odds ratio 1.4, 95% confidence interval (CI) 1.03-1.82, p ¼ 0.03 Ã ) and duration of anemia (Odds ratio 2.5, 95% CI 1.06-5.87,
On the other hand, other parameters have no significant influence on the severity of anemia (Table 4 ). Table 5 showed that there was no risk factor for underweight in the studied patients. (Table 6 ). AGA had the highest sensitivity (100%) followed by antiendomysium antibody (81.8%) while the tTG antibody had the highest specificity (85.7%) for diagnosis of CD (Table 7) . Table 8 showed that UBT and histopathology had the highest sensitivity (100%) for diagnosis of H. pylori and rapid urease test, culture, H. pylori stool antigen and anti-H. pylori IgG antibody had the highest specificity (100%).
Discussion
In the present study, we found that out of the 25 studied patients, 11 patients had CD (44%), 11 had GER (44%) and 12 had H. pylori infection (48%). However, some patients had only one etiology for IDA while others had more than one diagnosis as follows: two (8%) had H. pylori infection alone, three (12%) had CD, six (24%) had GER, two (8%) had GER in addition to H. pylori, five (20%) had H. pylori and CD and three (12%) had H. pylori, CD and GER. However, in four patients (16%), no possible etiology for IDA could be diagnosed.
The study of sex distribution did not show any statistically significant difference among the different groups. For CD, eight male (72.7%) and three female (27.3%), for H. pylori infection nine male (75%) and three female (25%) and for GER seven male patients (63.6%) and four females (36.4%) were diagonosed.
Logistic regression analysis demonstrated that the risk factors for severity of anemia were age of patients (Odds ratio 1.4, 95% CI 1.03-1.82, p ¼ 0.03 Ã ) and duration of anemia (Odds ratio 2.5, 95% CI 1.06-5.87, p ¼ 0.04 Ã ). On the other hand, other parameters have no significant influence on the In our study, CD was diagnosed in 11 out of the 25 studied patients (44%); diagnosed by the presence of at least two positive antibodies together with the presence of villous atrophy in histological examination of jejunal biopsies taken during the course of upper GIT endoscopy from the studied patients.
The anemia of CD can be microcytic or macrocytic, and both iron and folic acid deficiencies have been described. Iron deficiency is commonly seen in CD because of the frequent involvement of the proximal small intestine, where most iron absorption occurs [14] . Since CD may result in intestinal malabsorption of iron, occult CD has been reported in 0-6% of adults presenting with IDA [15] . Corazza, et al. [16] reported an incidence of CD in patients with refractory IDA of 4.5-8.0%, which is much higher than in the general population. On the other hand, the reported incidence of IDA in CD varies from 10 to 80%, depending on the diagnostic criteria used [4] . Fisgin, et al., [17] reported an incidence of 54.5% of IDA in a group of children with CD.
Study of the 11 patients with CD showed that males were more commonly affected than females (72.7% vs. 27.3%). However, Fisgin, et al. [17] , showed that males had significantly lower values of hemoglobin (p50.05) and MCV (p50.05) compared to the females. Against this result Greco, et al. [18] reported that CD affects females more than males (ratio as high as 2: 1)
Our study of patients with CD showed that the age of presentation was 42 years in 9 out of the 11 patients (81.8%) and 2 years in only 2 patients (18.2%). The difference between the two groups was statistically significant (p ¼ 0.05). This result denotes that most of the CD patients usually present after the age of 2 years.
Early diagnosis of atypical or 'Silent' cases of CD is important for several reasons. First, because a gluten-free diet often reverses the mucosal changes associated with CD, early institution of such a diet may prevent the development of gastrointestinal symptoms. Second, initiation of a gluten-free diet helps to prevent or treat various nutritional deficiencies, including IDA, and prevents the devastating complications of long-standing anemia. Indeed, anemia was found to be corrected in 95% of patients with CD after 1 year on a gluten-free diet, and iron deficiency was corrected in 50% of the patients with a gluten-free diet alone [5] . There is some evidence to suggest that a gluten-free diet might help to prevent malignancies (including intestinal lymphoma) that may occur with higher frequency in patients with long-standing CD [19] . In this study, the most commonly reported symptoms in patients with CD were gastrointestinal in the form of abdominal pain (63.6%), diarrhea and anorexia (45.5% each), dyspepsia and heartburn (27.3% each), vomiting and abdominal distension (18.2% each). Complications detected in those patients were short stature (45.5%), and underweight (27.3%). Mody, et al. [4] suggested that, although the association of IDA with CD is recognized, it is usually the setting of significant gastrointestinal symptoms and malabsorption and not as sole presenting sign.
In the present study, we did not find dyspepsia in any diagnosis alone (CD, H. pylori or GER), but it was found in only two patients with H. pylori in additon to CD and in only one patient with H. pylori, CD and reflux. This finding denotes that dyspepsia is a non-specific symptom to GIT pathologies rather than a specific one to a certain diagnosis or etiology.
Endoscopic and histopathological findings detected in patients with CD were duodenitis and jejunitis (90.9% each), gastritis (45.5%), esophagitis (27.3%), hiatus hernia (18.2%) and jejunal inflammation detected by histopathology examination of jejunal biopsies (54.5%).
Five of the 11 celiac patients (45.5%) were found to have gastritis by endoscopy and all of them had associated H. pylori infection. Several studies demonstrated that chronic exposure to gluten may damage the structure and function of the gastric mucosa in gluten-sensitive patients. However, Diamanti, et al. [20] reported also that the chronic inflammatory process may be secondary to the combination of H. pylori infection and chronic gluten ingestion in gluten-sensitive subjects.
In the present study, IgA EMA, using immunofluorescence method, showed a sensitivity of 81.8% and a specificity of 21.4% for diagnosis of CD. These results are lower than those reported by Hanson, et al. [21] who reported a 96% sensitivity and specificity of IgA EMA. Although, antibody against endomysium measurement is considered to be the best serological test for CD, the assay does have limitations. The immunofluorescence method is expensive and limited by the degree of training of the observer, as it depends on a subjective assessment. Another limitation to the use of EMA is that in children less than 2 years old, sensitivity of EMA test is less than 90% and approximately 3% of CD patients exhibit IgA deficiency, which may give rise to false negative results [22] .
Some studies have identified transglutaminase as the major autoantigenic component of endomysium [23] . In the present study, human IgG transglutaminase (detected by ELISA technique) showed a sensitivity of 72.7% and a specificity of 85.7%. However, these results are also much lower than those reported by Lebenthal, et al. [24] who found a sensitivity and specificity of human IgG tTG of 100 and 97%, respectively.
A study demonstrated that anti-tTG (ELISA) has a high frequency of false negative and false positive results [25] . However, because the test is both simple and fast, it was suggested that it can be used in large screening programs for CD. It was also suggested that after an initial positive anti-tTG, an anti-EMA test should be performed provided that IgA deficiency is excluded [26] . Nevertheless, assessment of the small intestinal mucosal morphology is still mandatory as the ultimate requirement for the diagnosis of CD [27] .
Our results showed that out of the 25 studied patients with refractory IDA, 12 patients had H. pylori infection (48%). This result was higher than those reported by Choe, et al. [28] and Ashorn, et al. [29] who found that it was 16 and 20%, respectively of children with IDA who had H. pylori infection. On the contrary, this result was lower than that reported by Choe, et al. [8] who found that among 43 patients with IDA, 25 (58.1%) were H. pylori positive by endoscopy.
The difference in results may be attributed to the difference between studied populations. In developing countries, the prevalence rate of H. pylori infection is much higher than in developed countries and relatively constant during childhood. It was suggested that, in developing countries, H. pylori infection is acquired earlier in life and more frequently than in developed countries [30] .
In the current study, the prevalence of H. pylori infection was found to be significantly higher in children presenting at 44 years of age than those presenting 4 years of age (p ¼ 0.03).
This coincides with the result of Jeong, et al. [31] , who reported that prevalence rate of H. pylori infection increases sharply with age. Several studies showed that, the prevalence of infection steadily increases with age among children and young adults [32] [33] [34] . This age-related increase in prevalence has been collaborated by endoscopic studies confirming that the serological increase represents increasing prevalence of extent of infection of the gastric mucosa with increasing age. For a chronic disease, this finding is not surprising. If infection in a population increases at a constant rate over time, then prevalence should increase exponentially with age [32] .
This also coincides with the result of Khaled, et al. [35] who reported that among IDA children, the frequency of H. pylori infection was 26.7% of children below 3 years, 53.8% of children at age from 3 to 6 years and 66.7% of children above 6 years.
In the current study, males were more commonly affected by H. pylori than females as 75% of H. pylori-positive patients were males while only 25% were females. However, the difference was not statistically significant.
Similarly, increased male prevalence of H. pylori infection was repeatedly reported by many authors, especially in Egypt [34] .
In this study, 10 (40%) out of 25 patients with refractory IDA and H. pylori positive had GIT symptoms. The most commonly recorded symptoms were anorexia and diarrhea (50% each), abdominal pain (41.7%), failure to thrive and heartburn (33.3% each), dyspepsia (25%), recurrent vomiting (16.7%) and abdominal distention (8.3%), and the most commonly detected complications were short stature (25%) and underweight (16.7%).
However, Khaled, et al. [35] reported that gastrointestinal symptoms in relation to H. pylori infection among IDA group were recurrent abdominal pain (69.57%), anorexia (21.74%), diarrhea (4.35%), vomiting (8.70%), ptyalism (8.70%) and heart burn (4.3%).
H. pylori is known to be an etiological agent of chronic gastritis and peptic ulcer disease [36] . In our study, the most common endoscopic finding detected in H. pylori-positive patients with refractory IDA was duodenitis (75%). Other endoscopic findings included gastritis, jejunitis and jejunal inflamation detected by histopathology (66.7% each) and esophagitis (41.7%). In addition, hiatus hernia was found in 25% of patients. No obvious bleeding lesions were detected in the stomach or duodenum of these patients and no occult blood was detected in their stools.
However, Fayed, et al. [37] reported that endoscopic findings in relation to H. pylori infection were GER (41.3%), esophagitis (30.2%), hiatus hernia (33.3%), gastritis (22.2%) and duodenitis (11.1%).
Therefore, two possible explanations for the causal relationship between H. pylori infection and IDA can be highlighted. The first one is intermittent bleeding. However, in our study, endoscopic findings showed no obvious mucosal bleeding and occult blood tests gave informaly negative results in all our patients. The other is that H. pylori uses iron for its growth [38] .
Recently, the mechanism by which H. pylori acquires iron has been studied. Some strains of H. pylori are able to acquire iron, competing with the host leading to development of IDA in the absence of peptic ulcer or other upper GIT bleeding lesions [38] . Husson, et al. [39] found that when H. pylori was grown in iron-limited medium, its growth was reduced significantly. It has been shown that H. pylori causes a considerable decrease in the concentration of ascorbic acid in the gastric juice and that this can be reversed by H. pylori eradication. H. pylori gastritis, therefore, can impair iron absorption by reducing the gastric juice ascorbic acid levels [40, 41] .
In the present study, gastritis was present in 11 (44%) patients, 8 of them (72.7%) were H. pylori positive. Annibale, et al., [38] reported that a large percentage of patients with atrophic body gastritis develop IDA and 61% of them were H. pylori positive. Hershko, et al. [42, 43] reported that autoimmune atrophic gastritis is encountered in 20-27% of patients with obscure, or refractory IDA and is 4-6 times more common than CD causing unexplained iron deficiency. A significant new development is the relation between autoimmune gastritis and H. pylori infection. H. pylori per se impairs gastric acid secretion and it is quite likely that a proportion of patients described originally as achylia gastrica represented H. pylori and not autoimmune gastritis. As gastric function with hydrochloric and ascorbic acid is essential for iron absorption, IDA is the simple result of an imbalance between iron loss and absorption.
In view of the limitations of each diagnostic test of H. pylori, we did not consider any of the available tests as gold standard. However, for comparison of results, we used concordance of three or more positive tests, out of a total of six conventionally used tests, to consider it as true positive. This diagnostic criteria enabled us to diagnose H. pylori infection in 12/25 (48%) cases which was equal to results of individual test like UBT, higher than rapid urease test, culture, H. pylori stool antigen (44% each) and serum ELISA IgG (28%) and lower than histology (56%).
Bourke, et al. [44] reported that upper endoscopy with biopsy is the investigation of choice; the 13 C-UBT is currently the best non-invasive diagnostic test for H. pylori infection in children; there is currently insufficient evidence to recommend stool antigen tests as acceptable diagnostic tools for H. pylori infection; serological antibody tests are not recommended as diagnostic tools for H. pylori infection in children.
On the other hand, Goel, et al. [45] reported a lower prevalence of H. pylori (19.3%), which was lower than results of individual tests like rapid urease test (25.6%) and serum ELISA (25.5%) and higher than culture and histology (12.9%).
Out of the six diagnostic methods commonly utilized in clinical practice, UBT and histopathology had the highest sensitivity (100%), while rapid urease test, culture, stool antigen and serum IgG (ELISA) had the higher specificity (100%).
Goel, et al. [45] reported that serum ELISA, rapid urease test and brush cytology had a reasonably good sensitivity and specificity; Gram's impression smear test, culture and histology were the least sensitive but with excellent specificity. Rapid urease test tended to increase in sensitivity if incubation period was increased beyond half an hour but dropped in its specificity beyond 4 h incubation.
Brush cytology was observed to be better than histology because in brush cytology, the organisms were identified and distinguished by their characteristic 'spiral', 'Cork Screw' or 'Seagul' shaped morphology lying in amorphous mucinous background [45] .
GER disease is the most common esophageal disorder in children of all ages. GER disease signifies the retrograde movement of gastric contents across the lower esophageal sphincter into the esophagus. Although occasional episodes of reflux are physiological, exemplified by the regurgitation of normal infants, the phenomenon become pathological in children who have episodes that are more frequent or persistent and thus produce esophagitis or esophageal symptoms, or in those who have respiratory sequelea [46] . GER disease is defined as chronic (46 months) heartburn and/or regurgitation with or without erosive esophagitis [47] .
In this study, 44% of the patients had GER disease. They were divided into six cases (54.5%) with GER disease, two cases (18.2%) had H. pylori in addition to GER disease and three cases (27.3%) had H. pylori, CD and GER disease.
Collin, et al. [48] reported that esophagitis and GER have been implicated recently in the manifestations of CD. However, they did not support the conception that patients with reflux esophagitis should be screened vigorously for CD. The association between these two conditions is, at most, weak, but a gluten-free diet may still bring symptomatic relief for reflux symptoms in CD. Varanasi, et al. [49] demonstrated that H. pylori infection is significantly less prevalent in patients with reflux esophagitis and may protect against its development.
Mc Namara, et al. [50] suggested that GER disease is frequently found to coexist with H. pylori-related duodenal ulcer. In addition, almost 20% of symptomatic patients without endoscopic evidence of esophagitis will have an abnormal esophageal PH exposure. It is plausible that the development of GER disease following successful eradication of H. pylori represents unmasking of existing disease rather than de novo development. Levine, et al. [51] reported that eradication of H. pylori is not associated with increased symptoms of GER in children and adolescents. Improvement in epigastric pain in children is significantly correlated with the improvement in GER symptoms but not with eradication of H. pylori.
The most common symptoms detected in patients with GER disease were anorexia (63.6%), diarrhea (54.4%), abdominal pain (45.5%), heartburn (36.4%), abdominal distension (27.3%), dyspepsia and hematemesis (9.1% each).
About 16% of studied cases remained unexplained after gastrointestinal evaluation. Colonoscopy, small bowel radiographic examination should be done. These cases should be followed for detection of the cause.
In conclusion, refractory IDA may be due to clinically inapparent H. pylori gastritis and CD. CD is one of the most common causes of intestinal malabsorption during childhood which leads to impairment of iron absorption. Apart from offering them gluten-free diet rich in iron, early detection and treatment of IDA and prophylactic iron and folic acid supplementation will go a long way to optimize their mental and psychological functions. Eradication of H. pylori infection with concomittent iron therapy should correct the anemia.
Children with refractory IDA should be evaluated for H. pylori infection. If H. pylori infection is coexistent, its eradication with iron supplementation could correct the anemia. Screening of CD by antibodies titers and small intestinal biopsy and gluten-free diet for positive cases as it leads to correction of anemia. Endoscopy and biopsies should be done as a routine investigation to every case with refractory IDA to exclude CD and H. pylori infection.
